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(57) Abstract: A system and 
method are disclosed for covering 
a stented heart valve prosthesis (10) 
with biological tissue (70, 72, 74, 
76, 78), such as pericardium. The 
prosthesis (10) includes a stent (14) 
that is covered with a fabric material 
(52). A heart valve (12) is mounted 
within the stent (14), such as by 
sutures securing the heart valve (12) 
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more sheets of biological tissue (70, 
72, 74, 76, 78) are applied to the 
stented prosthesis (10) so as to cover 
all exteriorly exposed areas of the 
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Title: METHOD AND SYSTEM FOR PROVIDING A BIOLOGICALLY 
COVERED HEART VALVE PROSTHESIS 

Technical Field 

5 The present invention relates to an implantable prosthetic device and, 

more particularly, to a system and method for providing a biologically covered 
heart valve prosthesis. 

Background 

10 It is well known to utilize mechanical heart valves, such as the ball check 

valve, and natural tissue cardiac valves to replace defective aortic and mitral 
valves in human patients. One type of natural tissue heart valve typically 
employs a porcine valve for implantation in a human, as they are very similar to 
human valves of appropriate size and generally are easy to procure. 

15 Prior art teaches the concept of removing an aortic heart valve from a 

pig, treating it with an appropriate fixation solution, which may include a 
glutaraldehyde solution, and mounting the valve into a stent. 

A stent typically is formed of a resilient material, such as a plastic (e.g., 
DELRIN). Examples of various stent structures are disclosed in U.S. Patent No. 

20 3,983,581 , U.S. Patent No. 4,035,849. The stent usually is covered with a 
fabric material, such as DACRON or a suitable textile material. The fabric 
material provides structure for securing the valve relative to the stent. The 
stented heart valve prosthesis may be implanted into a patient for a heart valve 
replacement. 

25 

Summary 

The present invention relates to a system and method for covering a 
stented heart valve prosthesis with biological tissue, such as pericardium. The 
prosthesis includes a stent having a generally annular inflow end spaced from an 
30 outflow end. The stent is covered with a fabric material. A heart valve is 

mounted within the stent, such as by sutures securing the heart valve to the 
fabric covering. One or more sheets of the biological tissue is applied to the 
stented prosthesis so as to cover all exposed areas of the fabric material. As a 
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result, there is.a reduced likelihood of clot formation and a decreased likelihood 
that infection will occur after the prosthesis is implanted. 

One aspect of the present invention provides a heart valve prosthesis that 
includes a stent having an annular base portion and a plurality of stent posts 
extending therefrom. The stent has a fabric covering. A natural tissue heart 
valve is mounted within said stent. At least one sheet of biological tissue covers 
all exposed fabric covering. 

Another aspect of the present invention relates to a system for covering a 
fabric-covered stent with biological tissue. The stent has a plurality of stent 
posts extending in a first direction from an annular base portion of the stent. The 
stent has a fabric implantation flange extending radially from an exterior portion 
of the base portion, with the implantation flange having an inflow side and an 
outflow side. The system includes a pair of annular sheets of biological tissue 
dimensioned and configured for covering the inflow and outflow sides of the 
15 implantation flange in a sandwich-like manner. At least one additional sheet of 
pericardium covers a radially outer portion of each of the fabric-covered stent 
posts, whereby the fabric-covered exterior portions of the stent are completely 
covered with biological tissue. 

Still another aspect of the present invention relates to a method for 
20 covering a heart valve prosthesis with biological tissue, the heart valve 

prosthesis including a stent having an annular base portion and a plurality of 
stent posts extending therefrom. A fabric material covers at least a radially 
exterior portion of the stent and a natural tissue heart valve is mounted within the 
fabric-covered stent. The method includes the step of covering all exposed 
25 fabric material with animal pericardium. 

To the accomplishment of the foregoing and related ends, the invention, 
then, comprises the features hereinafter fully described and particularly pointed 
out in the claims. The following description and the annexed drawings set forth 
in detail certain illustrative aspects of the invention. These aspects are 
30 indicative, however, of but a few of the various ways in which the principles of 
the invention may be employed. Other objects, advantages and novel features 
of the invention will become apparent from the following detailed description of 
the invention when considered in conjunction with the drawings. 
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Brief Description of the Drawings 

Fig. 1 is an isometric view of a heart valve mounted in a fabric-covered 

stent; 

5 Fig. 2 is an isometric view of a fabric-covered stent; 

Fig. 3 is a plan view of sheets of biological material that may be employed 
to form a heart valve prosthesis in accordance with the present invention; 

Fig. 4 is an exploded isometric view of a heart valve prosthesis in 
accordance with the present invention; 
10 Fig. 5 is an isometric view of an inflow side of heart valve prosthesis in 

accordance with the present invention; 

Fig. 6 is an isometric view of an outflow side of a heart valve prosthesis in 
accordance with the present invention; 

Fig. 7 is a partial side-sectional view of a stented heart valve taken along 
15 line 7-7 of Fig. 4; 

Fig. 8 is a partial side sectional view of a stented heart valve taken along 

line 8-8 of Fig. 5; and 

Fig. 9 is an isometric view of fabric-covered stent that is covered with 
biological tissue material in accordance with the present invention. 

20 

Description of the Invention 

The present invention provides a system and method for covering a 
stented heart valve prosthesis and/or a stent with biological tissue, such as 
pericardium. The present invention will now be described with reference to the 
25 drawings, wherein like reference numerals are used to refer to like elements 
throughout. 

Fig. 1 illustrates a stented heart valve 10, which may be employed to form 
a biologically covered heart valve prosthesis in accordance with the present 
invention. The stented heart valve 10 includes a heart valve 12 mounted or 
30 attached within in a conventional stent 14. The stented heart valve 10, for 

example, is of the type disclosed in U.S. Patent No. 5,861 ,028 or U.S. Patent 
No. 5,855,602, although other valve configurations also may be utilized without 
departing from the scope of the present invention. 
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By way of example, the valve 12 is a natural tissue heart valve, such as a 
porcine heart valve, which has been trimmed and fixed in an appropriate 
glutaraldehyde solution. An example of a suitable fixation environment is 
disclosed in U.S. Patent No. 5,861 ,028. The valve 12 includes an inflow end 16, 

5 an outflow end 1 8 and a central axis, indicated at A, extending longitudinally 
through the inflow and outflow ends of the valve. The valve 12 also includes a 
plurality of leaflets or cusps 20, 22 and 24 mounted within a generally cylindrical 
sidewall portion 26 (see, e.g., cross sectional view of Figs. 7 and 8), which may 
be a length of valve wall extending between the inflow and outflow ends 12 and 

10 14. The sidewall portion includes circumferentially spaced apart commissures 
28, 30, and 32, which form struts at the outflow end 16 near the juncture of 
adjacent pair of leaflets. The heart valve 10 also has sinuses 34, 36, and 38 
formed in the outflow end 14 of the valve 10 between adjacent pairs of 
commissures 28 and 30, 30 and 32, 32 and 28, respectively. 

15 Fig. 2 illustrates an example of the stent 14 illustrated in Fig. 1 . The stent 

14 includes an annular base portion 40 and elongated stent posts (or struts) 42, 
44 and 46 extending from the annular base portion that correspond generally to 
the anatomical configuration of the heart valve 12. The stent posts 42, 44 and 
46 are circumferentially spaced apart along an outflow end 50 of the base 

20 portion 40 to generally correspond to the radial positioning of the individual 

leaflets of the heart valve 12 (Fig. 1). The stent 14 also includes an inflow end 
48 spaced axially from the outflow end 50. 

The stent 14, for example, may be manufactured in various sizes and 
shapes by a conventional injection molding process. The stent 14 is typically 

25 formed of a thermoplastic material, such as the material known commercially as 
Delrin. The stent may be formed, however, of any other resilient, rigid, or flexible 
material according to the desired level of stiffness. 

At least an exterior portion, although typically the entire stent structure 14 
is covered with a nonabsorbent fabric material 52. The fabric covering is applied 

30 over and covers both the internal and external surfaces of the stent 22. By way 
of example, the fabric covering 52 may be an open mesh sheet of flexible 
material, such as a Dacron polymer cloth, a textile, or substantially equivalent 
material. It is to be appreciated that other fabric materials, such as plastics, 
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synthetic materials, and the like also may be used. The fabric covering provides 
structure to which the valve 12 (Fig. 1) may be secured relative to the stent 14. 

A generally annular implantation flange (or sewing ring) 54 may 
circumscribe the stent base 40 intermediate the inflow end 48 and the outflow 

5 end 50 of the stent 14. The flange 54, for example, is formed of the same 

material as the fabric covering 52. The flange 54 may be attached about the 
exterior of stent 14, such as by sewing the flange to the fabric covering 52 that 
surrounds the stent 14. Alternatively, the flange 54 may be formed from part of 
the fabric covering 52 that covers the stent 14 when the fabric covering is 

10 applied. The flange also may be ironed to form a substantially flat ring-like 
structure circumscribing the stent base 40. The particular positioning of the 
implantation flange 54 may depend upon whether the prosthesis 1 0 is to be 
implanted as a mitral valve or an aortic valve (See, e.g., U.S. Patent No. 
5,861 ,028). Examples of other types of stent structures that may be utilized 

15 include those disclosed in U.S. Patent No. 3,983,581, U.S. Patent No. 
4,035,849, as well as any other stent structure known in the art. 

Fig. 3 illustrates a plurality of sheets 70, 72, 74, 76, and 78 of biological 
tissue that may be utilized, in accordance with an aspect of the present 
invention, to cover all fabric 52 that is exposed on a stented heart valve 12 (Fig. 

20 1). The biological tissue, for example, is smooth animal pericardium (e.g., 

equine, bovine, porcine, etc.) that has been tanned or fixed in a suitable tanning 
environment. The tanned tissue also may be treated with heparin to improve its 
biocompatibility and mitigate thrombus formation. 

Sheets 70 and 72 are in the form of generally annular rings, each having 

25 a respective inner diameter 80, 82 and outer diameter 84, 86. In particular, the 
ring 72 is dimensioned and configured for attachment to an inflow end of a 
stented valve 10 (Fig. 1) and, thus, has an inner diameter 82 that approximates 
the dimensions and configuration of the valve at the juncture between the valve 
and the fabric covering 52 located at the inflow end of the stented valve. The 

30 other ring 70 is dimensioned and configured to be attached to the outflow side of 
the implantation flange 54 (Figs. 1 and 2). Each of the rings 70, 72 has a 
respective inner periphery 88, 90. 
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The remaining sheets 74-78 are in the form of patches that are 
dimensioned and configured to cover the remaining exposed fabric of the 
stented valve 10 (Fig. 1), namely, along the exterior of the stent posts 42-46 
(Figs. 1 and 2). While the patches are generally trapezoidal, it is to be 

5 understood and appreciated that other shapes may be used. For example, the 
shape of the patch may be selected according to the configuration of the stented 
valve and the contour of the exposed fabric material covering along the stent 
post and/or heart valve. 

Fig. 4 is an exploded view of a heart valve prosthesis 100, in accordance 

10 with an aspect of the present invention, in which identical reference numbers are 
used to refer to parts previously identified with respect to Figs. 1-3. The sheets 
of biological (e.g., pericardial) tissue 70-78 are aligned for attachment onto the 
stented valve 10, such that their visceral, or smooth, side is exposed. In 
particular, the ring 70 is oriented coaxially with axis A for attachment onto the 

15 inflow side of the implantation flange 54. As mentioned above, the inner 

diameter 80 of the ring 70 approximates (preferably slightly larger than) the outer 
diameter of the stented valve 10. As the ring 70 is mounted over the stent posts, 
the inner periphery 88 engages and circumscribes the stented valve 10 and is 
positioned at the juncture of the flange 54 and the stent base portion 40. 

20 Similarly, the other ring 72 is aligned coaxially with axis A for attachment 

at the inflow end 16 of the stented valve 10. The inner diameter 82 is less than 
the outer diameter of the stented valve 10 at the inflow side juncture of the 
implantation flange 54 and the stent. As mentioned above, the inner diameter 82 
of the ring 72 approximates the configuration of the inflow annulus of the valve 

25 12 at the juncture of the valve and the fabric covering the stent 14. As a result, 
the ring 72 is able to completely cover all exposed fabric 52 at the inflow side, 
including the inflow side of the implantation flange 54. 

The patches 74, 76, and 78 are aligned for attachment to cover exposed 
fabric 52 associated with each of the stent posts 42, 44, and 46, respectively. 

30 Once all the sheets are attached to the stented valve 10, no fabric material 52 is 
exposed. As a result, when the prosthesis 100 is implanted, there is no contact 
between blood and the fabric covering 52. This mitigates clot formation and 
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infection which otherwise might occur in response to contact between blood and 
the fabric covering. 

Figs. 5 and 6 illustrate the completed heart valve prosthesis 100 in which 
all exposed fabric material has been covered with biological tissue in accordance 
with an aspect of the present invention. In particular, Fig. 5 illustrates the 
prosthesis 100 as viewed from its outflow end. Each of the patches 74, 76, 78 
(only patch 74 is shown) is sewn to the fabric material covering a radially outer 
portion of each respective stent post 42, 44, 46. The ring 70 engages and is 
connected to an outflow side of the implantation flange and the ring 72 engages 
and is connected to an inflow side of the implantation flange. The rings 70 and 
72 are sewn together at an outer periphery thereof, thereby "sandwiching" the 
flange located between the rings. In addition or alternatively, the rings may be 
sewn to a perimeter to a portion of the implantation flange 54. 

The inner periphery 88 of the ring 70 also is sewn to an adjacent part of 
the patches covering the radially outer portions the stent posts. Additional 
sutures (not shown) also may be employed to connect the inner periphery 88 to 
an outer portion of stent 14 between stent posts. 

Fig. 6 illustrates the inflow end of the prosthesis 100 in which the ring 72 
completely covers the fabric at the inflow end 16 of the prosthesis. The ring 72 
is sewn at an inflow annulus 104 of the prosthesis 100 at the juncture of the 
valve 12 and the fabric-covered stent. Advantageously, the ring 72 of biological 
tissue conforms to the contour of at the inflow end, although additional sutures 
may be employed to ensure substantially tight engagement between the ring 72 
and the stented heart valve 10. 

Figs. 7 and 8 are cross-sectional views of part of valve structures shown 
and described herein. It is to be appreciated that the dimensions and relative 
position of corresponding parts has been exaggerated for purposes of clarity of 
illustration. 

Referring to Fig. 7, a cross-sectional view of part of the stented heart 
valve of Fig. 4, taken along line 7-7, is illustrated. This further illustrates the 
fabric covering 52 that surrounds the stent 14. In addition, the implantation 
flange 54 is illustrated as being spaced from the inflow end 16 of the valve 10. A 
suture 108 may be employed to maintain the flange in a desire substantially flat 
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configuration. As mentioned above, the relative axial placement of the 
implantation flange 54 on the stent 14 may vary according to whether the 
prosthesis is to be used for mitral or atrioventricular valve replacement, and all 
such positions are within the scope of the present invention. Moreover, the 

5 system and method, in accordance with an aspect of the present invention, also 
may be employed with a stent or stented valve having no implantation flange. 

Fig. 8 is another cross-sectional view of part of the heart valve prosthesis 
100 of Fig. 5, taken along line 8-8, in accordance with an aspect of the present 
invention. The rings 70 and 72 sandwich the implantation flange 54 and are 

1 o connected together along the periphery of the rings and flange by appropriate 
sutures 106. As mentioned above, the sutures 106 alternatively may connect 
the rings 70 and 72 to the flange 54. The inner periphery 88, 90 of each ring 70, 
72 also is sewn to a corresponding portion of the stented valve 10. In particular, 
the inner periphery 88 of the ring 70 is sewn to the patches (e.g., 74) and also 

15 may be connected to the underlying fabric covering 54 circumscribing the 
stented valve 10. The inner periphery of the ring 72 is sewn to the inflow 
annulus 104 of the prosthesis 100 so as to cover all fabric covering at the inflow 
portion of the stented valve. The biological tissue patch 74 also is sewn to cover 
the exposed portion of the fabric material associated with the stent post 42 (see, 

20 e.g., Fig. 5). 

Fig. 9 is an example of a stent 200 that has been covered with biological 
tissue in accordance with an aspect of the present invention. The stent 200 
includes a stent member 202 that has been covered with a fabric material 204, 
such as shown and described with respect to Fig. 2. The stent 200 also includes 

25 stent posts 206, 208, and 21 0 extending substantially coaxially from a stent base 
portion 212 in a circumferentially spaced apart relationship. 

Biological material has been applied to a the fabric-covered stent member 
202 in accordance with an aspect of the present invention. In particular, the 
stent 200 includes an implantation flange 214 formed of a two layers 216 and 

30 218 of biological tissue {e.g., animal pericardium). Each of the layers 216, 218, 
for example, is in the form of a ring-like sheet of animal pericardium, such as 
sheets 70 and 72 shown and described hereinabove. The outer periphery of 
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each of the layer is sewn together via sutures 220. The radially inner portion of 
each of the layers 216, 218 also is sewn the fabric covering 204. 

A layer 222 of biological tissue also covers the fabric material 204 
covering the radially outer extent of the stent 200. This layer 222 may be in the 
5 form of a single sheet of animal pericardium that circumscribes the fabric- 
covered stent 200. As illustrated in the example of Fig. 9, the layer 222 may be 
trimmed to conform to the contour of the stent posts 206-210 along a outflow end 
of the stent. The layer also may cover the fabric material 204 at an outflow 
margin 224 of the stent member 202 so as to mitigate abrasion that may occur 

10 upon contact between leaflets and the outflow rails. Because the layer 220 

typically is formed of an elongated sheet of the biological tissue, a butt seam. 226 
is exposed. The butt seam 226 of the sheet 222 may be positioned intermediate 
stent posts 206 and 208, with two ends of the layer 222 seamed together end-to- 
end with substantially no overlap to define the seam. 

15 It is to be appreciated that the layer 220 may be applied to the stent 200 

before or after formation of the implantation flange 214. For example, if the stent 
200 does not include a fabric implantation flange (as shown in Fig. 2), then the 
layer 220 may cover the entire radially outer portion of the stent member 202. A 
double layer (layers 216 and 218) biological material may then be configured to 

20 form the implantation flange 214, with the inner portion of each layer 210, 212 
being secured to the stent outer layer 222 and/or to the underlying fabric 
covering 204. In contrast, if the stent 200 includes a fabric implantation flange, 
then the layer 222 may circumscribe an outflow portion of the stent 200, such as 
from the juncture of the flange to the outflow end of the stent 200. 

25 While in the example of Fig. 9, the radially inner portion of the stent 

exposes some fabric material 214 (other than at the outflow margin 224), it is to 
be appreciated that the inner portion also may be covered with a biological 
material, such as animal pericardium. However, a heart valve mounted within 
the stent 200 usually will completely cover the interior exposed portions of the 

30 fabric material. 

In view of the foregoing structure and methodology, it will be appreciated 
by those skilled in the art that a system and method according to the present 
invention help reduce a possible source of infection after the valve is implanted, 
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namely, the fabric material that is exposed to blood. Once infection mounts in 
the fabric material, it is practically impossible to eradicate. As a result, the 
patient may require reooperation, which exposes the patient to additional risk 
that has a relatively high mortality rate. The fabric covering, if left exposed to 
blood, also provides a site that is prone to clot formation, which may result in 
other complications for the patient. A system and method in accordance with the 
present invention provides a heart valve prosthesis that mitigates clot formation 
as well as helps reduce the incidence of infection. The biological material 
covering also tends to improve the compatibility between the heart valve 
prosthesis and the valve recipient. 

What has been described above are examples of the present invention. It 
is, of course, not possible to describe every conceivable combination of 
components or methodologies for purposes of describing the present invention, 
but one of ordinary skill in the art will recognize that many further combinations 
and permutations of the present invention are possible. Accordingly, the present 
invention is intended to embrace all such alterations, modifications and 
variations that fall within the spirit and scope of the appended claims. 
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Claims 

What is claimed is: 

1 . A heart valve prosthesis comprising: 

a stent having an annular base portion and a plurality of stent posts 
extending therefrom, the stent having a fabric covering; 

a natural tissue heart valve mounted within said stent; and 

at least one sheet of biological tissue covering all exposed fabric covering. 

2. A heart valve prosthesis as set forth in claim 1, further including a 
fabric implantation flange extending radially from the stent base portion, the at 
least one sheet of biological tissue covering the fabric implantation flange, 
whereby no fabric covering remains exposed. 

3. A heart valve prosthesis as set forth in claim 2, wherein the 
implantation flange has inflow and outflow sides, the at least one sheet of 
pericardial tissue including a pair of annular sheets of biological tissue which 
respectively cover the inflow and outflow sides of the implantation flange. 

4. A heart valve prosthesis as set forth in claim 3, wherein the annular 
ring of biological tissue covering the outflow side of the implantation flange has 
an inner diameter that approximates an outer diameter of the fabric-covered 
stent near the outflow side of the implantation flange. 

5. A heart valve prosthesis as set forth in claim 4, wherein the annular 
ring of biological tissue covering the inflow side of the implantation flange has an 
inner diameter commensurate with a diameter associated with an inflow annulus 
at the juncture between the heart valve and the fabric-covered stent. 

6. A heart valve prosthesis as set forth in claim 3, wherein the stent 
posts include an exterior portion, the at least one sheet of biological tissue 
further including a plurality of patches, each of the patches being dimensioned 
and configured to cover exposed fabric on the exterior portion of a respective 
one of the stent posts. 



WO 01/82840 



12 



PCT/US01/04690 



7. A heart valve prosthesis as set forth in claim 1 , wherein the 
biological tissue is animal pericardium. 

8. A heart valve prosthesis as set forth in claim 7, wherein the animal 
pericardium is at least one of porcine pericardium, bovine pericardium, and 
equine pericardium. 

9. A system for covering with biological tissue a fabric-covered stent 
having a plurality of stent posts extending in a first direction from an annular 
base portion of the stent and a implantation flange extending radially from an 
exterior portion of the base portion, the implantation flange having an inflow side 
and an outflow side, the system comprising: 

a pair of annular sheets of biological tissue dimensioned and 
configured for covering the implantation flange in a sandwich-like manner; 

at least one additional sheet of biological tissue for covering fabric 
exposed on a radially outer portion of each of the stent posts, whereby fabric 
exposed on the exterior portions of the stent is completely covered with 
pericardium. 

10. A system as set forth in claim 9, wherein the biological tissue is 
animal pericardium. 

11. A heart valve prosthesis as set forth in claim 10, wherein one 
annular sheet of the pair of annular sheets has an inner diameter that 
approximates an outer diameter of the fabric-covered stent near the outflow side 
of the implantation flange. 

12. A heart valve prosthesis as set forth in claim 1 1 , wherein another 
annular sheet of the pair of annular sheets has an inner diameter commensurate 
with a diameter associated with an inflow annulus at the juncture between the 
heart valve and the fabric-covered stent. 
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1 3. A heart valve prosthesis as set forth in claim 12, wherein the at 
least one additional sheet of biological tissue further includes a plurality of 
patches, each of the patches being dimensioned and configured to cover 
exposed fabric on the exterior portion of a respective one of the stent posts. 

14. A method for covering a heart valve prosthesis with pericardial 
tissue, the heart valve prosthesis including a stent having an annular base 
portion and a plurality of stent posts extending therefrom, a fabric material 
covering the stent, a heart valve being mounted within said stent, the method 
comprising the steps of: 

covering all exposed fabric material with animal pericardium. 

15. A method as set forth in claim 14, wherein the stent includes an 
annular implantation flange having inflow and outflow sides extending radially 
from the annular base portion of the stent, the method further including the steps 
of covering each side of the implantation flange with an annular ring of 
pericardial tissue so that the annular rings cover all exposed fabric of the 
implantation flange. 

16. A method as set forth in claim 15, further including the step of 
covering each of the stent posts with a patch-like sheet of animal pericardium. 



WO 01/82840 



1/4 



PCT/US01/04690 




WO 01/82840 



2/« 



PCT/US01/04690 




WO 01/82840 

3/4 



PCT/US01/04690 




WO 01/82840 



4/4 



PCMJS01/04690 




FIGURE 9 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/U50lfl4690 



A CLASSIFICATION OF SUBJECT MATTER 

IPC<7) :A61F2&4 

US CL :Please See Extra Sheet 
According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 623/2.14, 2.13, 2.15, 900, 901 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
NONE 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
NONE 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category- 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


US 4,629,459 A (IONESCU ET AL.) Xb DECEMBER 1986, SEE 
FIG. 3 AND COL. 3, LINES 21-61. 


1-16 


A,P 


US 6,074,419 A (HEALY ET AL.) 13 JUNE 2000, SEE ENTIRE 
DOCUMENT. 


1-16 


A 


US 5,713,950 A (COX) 03 FEBRUARY 1998, SEE ENTIRE 
DOCUMENT. 


1-16 


A,P 


US 6,102,944 A (HUYNH ET AL.) 15 AUGUST 2000, SEE 
ENTIRE DOCUMENT. 


1-16 



□. 



Further documents arc listed in the continuation of Box ('. 



□ 



See patent family annex. 



* Special categoric* «»f cited document*: 

"A" dura meat clef iui tbr tfencra I Ktate of the nrt which w not considered 

to be of partirulnr relevance 

earlier document published on ur after thr ititem;ittuual filing date 

*I " document which may lb row doubt* on priority t-hiiiiKjt) or which is 

( ited to ewlahlisb tin* publti -at ion date of another citation or nthrr 
special rentou (tut s|»*cified) 

(T riorum** it rrfrrrinj; to »n on;l dUrtiKUre, use. exhibition or other 

menus 

'I*" dVrument |Niblisllifl prior to the international filiuu date hut later 



later document published after the iuteruntioual filing date or priority 
date nud not in conflict with the application but riled to understand 
the principle ur theory underlying :!:■• inveotioo 

doennteut of pnitirnlar relevance; the claimed invention cannot he 
considered novel or ran not be countered to invt>|vi> on inventive *tep 
when the rincumctil is taken alone 

document of particular relevance; the claimed invention raunot be 
considered to iuvo'* an iuvcuti ve step when the document is combined 
with (Mie or more »ther xurh documents, such combination being 
obvious to a person skilled in the art 

document member of the same (latent family 



Daw of the actual completion of the international search 
10 Al'KILsfflOl 


Date of maiLiuu of the international search report 

16MAY2001 


Name antl untiling athlress of the ISA I S 
Commissioner of Patent* and Trademarks 
Box ItT 

Washington. UlC. nm\ 
Facsimile No. (703) :M5-.'tgtO 


Am Utilized officer ^ 

mtm; K SNOW ^ ^ " " ' 
Telephone No. (TO.)) 308.0H5H 



Form lHTlSA«10(seciHHl sheet) (duly IfMW)* 



INTERNATIONAL SEARCH REPORT 



International application No. 
KT/VSOl 04690 



A. CLASSIFICATION OF SUBJECT MATTER 
USCL : 



Form l'(T ISA 210 (oxtni shwt) (.July l»!)H)* 



